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«*3*i3*ffi<0 5 h'Jrtl < fc fc~J!/:Wb£*¥-»f*;«: 
2 o«^ji7«Lfc K- - • 9 A 

2 o<0.T-Wtt*ffi<oiate;frflffl««r ft* *4 *r y 7" 
t, 10 

6 * r v 7 1 Z-SltitftVo^m-ik V = -^MO«#J!7-ife. 
[»Wro»»ft«Bii] 

[0 0 0 1] 
[ 0 0 0 2] 

i ti s * (4 =• tr * * •> -v MSk % m <r> * w# 

4 fc f * * v- -v /Uttic® 19 W (t 5 C fc ft T 
13E*p-e*><b„ *^iMB#-Cfi, r^ 3 -.-/M75S*J fc^5 
ffllStt, £ i-^^i *~>-Y^m\^&%i-Z> r fc , 
*5 J: t>*^ t° * * •> -r /UK £ ^- 1" * * -> -r /wJB -f 5 

fc fc-2raMfc£*¥Mlw&3^T-^Ti>iMFa«J 

*-«^ v 7 h\z&m<n<?yU * Z c fc a« "THE 30 

fcfcij, fcS^tt3iiB38*^— 9 , ^ , «>C^-f*-H (L 
ed) \rM LTf^-f ^RW-roftW^ftl-**. 
[0 0 0 3] teft¥iftfx^^*t5»l:2o 

ffl C(D®f£&/AfgLT;&3S£-tt:Sfc, 0 

0*C*Wirofta-C3lEtTS*i5. icfiliKli, JMtro 

Sv^ffl^ fc tH 4 o X , * * -^N^J«»T-»(t+*JlRH 
fciiifc, mm»«W;Hm oi'j^-^/, 

col^-IRT^Lfcfc LTfc, tfi-^FiflwltStffi 



t^gi-f a k n, • y * WQh z>. &® ■ I ■■ 

3fcSr«JR-*-*J:5l-*oTL*v\ »KL is n^fcv^T 

[0 0 0 4 ] {bfffef!S^C'^-^rofc*co^2»^3t 
WH=/jSriPx.*i4*bflSffl. (4 0 0-1, 2 0 0t) X"> 

x.-ss%T=--/\'-ri>z.y_xhz>„ ^<o^t)\ts 20© 

LTStuft ->^^y-^ «f«, mm 

^-^jiKffl (>6oor.) -ejitt/js^t < fcaro-e, 
An x. fc /j^ 1 -/n «if m \z® So r ^ frfo z> 0 

[0 0 0 5 ] 

«MEI5* ft 4 1 $ - 1 X i4p;tffcofc„ I 
nP/GaAsOp-p^ru^t, n-n^T-uJS 

tt S i Stele * Lfc Kco p - 

ftf'iS5MiI®±: rcoi«v>)K«jtEli^< 

[ 0 0 0 6 ] SfoT, Lft^S^t-fe'-^L, 

[0 0 0 7] 

^ te *> ^ r , f i - fc # iiii K o ^ 

ix $ * h tz. to ^7 & -a ^ r- ^ 5 „ - ^ f 1 ^ ^ - ^ 
4- in) b# - & * -a- -c , m 1- * t # 5 K^-fia^i ^ , 
siifcAo-cadtsna. ^9 Lfc^5fi ; ^rfflv^/,fc, 



[0008] {fc&*j¥3MMSi&rottK 
-efo^o cwffc^fi, fisi^wsa^Wxiis ift«t\ ^ 

t> ± , J; 'J ®/it" IcBfl L X&fe L Tfe t> , 

ffcft rj sjffi (> i o 0 0°C) -CS5*-e* 3. 

[0 0 0 9] 

fewft#ift^[pj£fp,$t-s«lc:, v^o/^wtB/flfE-^ 
fo-5„ s<V Yiv-q s li^? h/UA s i IW] c^b q b^W^[«) 

* # o x ^ 5 ifi . l. a > l * * - ^ b ■ t? » p J i: # ft x h 
s . x was a iijbc ro«flij ttmm t^xzx fe o , 

?& 2 * * wfcftw WMBsWB l ^-^coir/ICJp 
l±$ ft o fcftr.^ * » s> -e # -c ^ c t> J; ^ L , t. fc S ft o 

« o C ^ ^ * *l5 r t t> fc 5 C0-C\ 
'<y* h^B s(i»5^/i!:&ftL-C'>i-^B(Cftj^$n 

^ b s <t (D\s)(D^m^mm ( I <i> l ) $-cfo 

H/PAp (i'<^ h/UAs |C*J -L-CSift-C-fcO, t/*.—" 40 
A«ip[ftirtl^^t^or^5„ ^ h/L-Bp li, s<i> V 
/UA P roi>.x-^Bi*Ui:*J»t6*5**tt*i6i«:, 
^Bco^ffif-Sl'JS^ Lfct«-C'fo<5„ 

( I 8 I ) roic^roittfcS. ^^-/ncoihI 

[0 0 10] *<i> b^b¥imz 7-im*&ioXtd'& 

zti, %-ftkm^mm%mfc&K]^x, ~ ; xwut 



X, (h k l ) (ife-f H ¥[fti*^L, (h k i } ii^fift 
SfBSStti^r^L, [hkl] lig|,*|Sl^U <hk 

i) fiGmttm&ufi&ft-t-. 

[ooii] *%w<nm^£m^x, rmwtftMr-m 

C-«^itfi)cLfco o49. n»GaPtn»[n, Ga 
,.,Pir (fcKLx = 0 > 0. HiftflO. 5) , ng 
I n,. s G a : s PSrnJg I n« = Ca, s PIC, nfl^ 
I no 5 Ga,., PSrnfG a A s (C, piBGa P&p 
Ml ni Ga,., P (Y = 0 , 0 . 5 ) , pgl n 
o , G a 0 . s P £ p ^ I n 0 . . Ga,,, P Id, tLTp 
?KGa PS:pJgGaAsl^«fLfc„ InGaPS (« 

D (MOCVD) laotMJtt. In,.. Ga 
... Pili, G a A s : T e (n>3X 1 0" cm ') 
StESfcJIG a A s : Z n (P>1 X 1 O 1 " cm' 1 ) I 
tR±i-ft^Sr-ffe$-li:fc!»li-Cjafi**, I n 0 j Ga 
o . , PMltG aP:SStk , (n>3X1()"cra- ) ) h 

naM»t'<tiotfflii < vc&m;w; *mi¥G a a 

s : S i , G a A s :Zn, Ga P : Sj'fcliG a P : 

ZnSsm, %3x<nh'~i?y 3 X 1 0" 

[0 0 12] gtB5ill*li:lHHe*Iftlffill«:aWK-»^* 
6 i ^ 5 *»W«»*tt, Ltzi-'<xv>mm0m 

ux-miznz+^xcntr *-^t£mc&m ^mx-h 

|-^4o/j>ibXifo6^, fcfc*L'>ft< t ^-^co^iBiti 

[0013] tek/vVcoikftm'-mwu-srtzm-tt. 
wmtm&M&mm * ft u rasa $ti-c^sro-e. 

[0 0 14] *36WW^1 W^lEtdJSrffl^r, nJB (n 
> 1 X 1 0 1 " c m 3 ) I n 0 5 G a „ . P nJlG a P 

( n > 3 X 1 0 " c m 1 ) Ltc, Z. (OmMftL Jo 

±XfZ.tl&fc<0$mm'#1i^X, n-Ga P & n - I n 

o.s Ga ls pcaa-f-a-r^Twffc^***** 

1 0 0 felt 5|S]-^#W fc t -C-UtT L 

fc 0 fiJSi±4 o»A»»tTcro^*f±#i-fr, ^.rottH 



5 

0X20 ^urofy-ZC^i/y^Lfc, GaP/In 

[0 0 15] EStft^-^EfilC^-^fi, 02t 
*Lfc*«-1ttEltt*tJ:o-C«IESnTl^. (1 0 
0) ji^fe (10 1) 2iStfflV^^ffiffi|PlSrW-r 
-6nM\ n,.„ Ga,., Pit, I! 1 (1 0 

o) frb (loi) ©^+2*«v^fc*SEKnSr=fr1- 

5n^GaPSIS(^, fc5VMim2«WJT-tt (10 

o) frh do i) 0%}'+ 8$.m^mmmfazft-i- 

»fi-®J£[S*£\ ^Wi2«ii2 1 *iJ:TJt*^2 
3 i L'C*t„ ffiifOlfW'&^-C, '>i'-^li[U1ig* 

El 3 d^-f ^, r roig-eii, [ o - 1 - 1 ] f -5 

r> x 19 CO* II i^f-v- a > ■ 7 y v V 4 
fcli^Uffi^^iJfflUTW^^nt^S^, [i o 
o] Lf±ffior*3ib-f, toftiw^^^i'W 

A'^-CSiJ^'-t-Sr. iri^ffl^jh/O^,, 112(1*^2 1 
^«±^$li<I>= Ofi'-C-fc^o ft»2 3 l£*fLT, CIO 

-n ^3-.-/Nga^-/ J , ;-&L-c^?,«L-# (<i> = otf) , w 

*irLT^6ix*«flE-«nH*tt»i, «2 ncip-fi: 
(0t») -CfcO, rco^cotSfriliRs 
=ttl. 5Qi^5M-C*5. »n-GaP') 
=-.-/N©p«|lc&JRtftlSS:«!-a:ttW^oi,>-C, 

»^ KoTl'ILfc^^rt ^Se# LX V ^ JgtrLCD 

«3 , Uc~--7- B^-g-^bdk tfct«fl±/j:^: i & 
^LtV5„ |ll«2 3(i, f^^BEfttri^T t> L 
X (<D = 6$) S*Lfc9*-^co«8fE-«E»tt«r* 
LT ^ <S„ w CO J; 9 fcmM-ffimMfctt*- 5 * T-li 
tt<, 8A/cm ! ot9 2 0inAl:tiPt0. 25V 

fi, ««M5*a«i*S<4aii^*tBlcH»aPL, L*»t>*5 
l fc«w«Mrtt?'/< x <o*y ffl (c *j ^ c I '.Sffl $ 

[ooi6] etefit*- 5 -7 fe*«:afiKi-a»t, ■> 

;<:ft:fi:'.!^:/j ; (100) rt>ib (10 1) + 2itM^ 

TV^S n - I n 0 5 Ga,., P/$£, *3SKl"J# ( 1 0 
0) »n-Ga PffiSi, ai6!|6]!j' (10 0) ti>b 
(10 1) » Jb"C + 4 im^tz n-GaPSfii 



(4) 4$[58^7-2 2 1 0 2 3 

6 

m*>\-$rtiM* (1*1 <6jg) , i^c^ifiitc-rtiTv^ 
<t<xtJ;^. anSiiiSW (ioo) a»?> (ioi) ro 

*l:+Z«*^V>5n-1n,., Ga... P«&, £ 
[Siaifil/4 5 (10 0) !i>fj (110) ro*|^+2SfiV^'C 
^5n-GaPlfiCMLfc^ ( | <P | = 2 . 8 3 

10 coital' ^~W±[Ilfe;^faWMf^*£ft 

■0*5 (e = oi£) „ w±»isa«, =L=-T?s-y\^m 

¥#Mfa1*Hft 6 &-Mm ( I * I <6iS) 

[oo i 7] ^3i-^coipHiB*i&jfii:tttSriEU<tt»*.5r 

co#® & £ 'i iJf * i: # 4 (c^-f „ o 

-lt"C n — I n, , Ga, , P|?;n-G a PSSI^i 

-^m% Lit t % wmi5ft - mm^m^M-r^-jyxh 

6 0 »#**ifcJHBH*tt, (10 0) (10 
l) 2/£-ffi^fcSffiiai£j&^oT^5o 1215 

cont, [o i-i] ^fipjif 9 tco-f^Ljj^^n-c 

5. 0 4tr.t5V^-Clfti»4 ltt, L/ise-o 
30 tfT'&g-g-^-li-^nTV^i:^, n-lnGaP/n- 
G a P~^n«afcmvCffi»tt (R s =fi 1 . 5 Q) 

«^Q=5ft (fttH4 3) 4T-tS9AD-rS»'otl-C, Hfflt 

fe-^ii^-f ^ic^i^jso* y) #-A— y v t tt n , S fc 

-^-?p^§rl , B , Hc#Pi&-r5mEP^T^tmJn'J-?)„ :h 

-fncO^S^B- 1 5 it (dl|j^4 5) 4T\ 
$ib(r.B=2 0it (ittliM 7) ST'Wll-rSl-oixT, 

5 y^e^li, 8 A/ cm 2 (2 0mA) 
40 tfc^^T0. 2 5 \ k\M%WB$-~Ybtlh<, 

•3 life ^ T , m?I - 'lEE^t* It 5 -t 1 ni£ <r> WW-Wt 
X , -2OS<0<2OIf ipfSiS WfiiSI'tL^ ib 

[0 0 1 8] SrS^W^ffigiW,: It, fcSV^i'.x-^ 
50 ElnJt, EHEJ!;-|HlttlltfcPn*lMlB*t-- -ft**<ClJ-^tf* 



{v.SftUi [10 0] *|6lWlHl>3cO0tei:l5HiS-e*>S. 
^^^-^O^i-^*ffigai«il±«S;liaA(i (l 0 
0) T-ffi±--fcf±&^ ( (10 0) rt>o (10 1) (O^jtC 

a-f fit * t , fose^orss^Sffiiffi^f^co/j; 

#5. PMICfc'^T, {*grh.^Q=2 O^-CfoSfllS 

4 714, I cl> I =0. 6 9«OSaiHl1*nii*H£:U-CV^ 

So rcoEft-fHtt, Jtt/PLfc I * I <6Jttv^lii4 
# J: t) "f o /h £ < , 09 4 KtH L fc*S*fc £ IS ^fl$«* 

[ooi9] ?x.-^<&t»-f ! *i£e = 9 oits-eWJii^ 

■tirS i , ^14 D a-*-7<bf^T-#-tt©^#ffi&Jt 
< fc^li^M - $.v*t K So r. co{ig^tj-ti-&[21 6 co 

S7l:^t. H7 t^-t-tfcO, n- I n 0 . s Ga 0 s 
Pin-GaP co^^^-r o $£N4, £ x -/> if 5 Ltf 

9 = 90 ^-fix-rfc g , ill* 73i l-ot* Lfcmsft-m 

li8A/cm ! (2 OmA) |i*3V^C#ft0. 3VcO]l|S;»7 
ftmH&MU CcO«H*-f6]mflEI4 4 0 A/ c m 2 (10 
OmA) lifc^TO. 6 vy,±l-i@AP-t6„ ifeifg 7 1 14 
ISRSfflT'fc^ it'5l»{iW&'JtP5 (0=0 

3„ -T-u^SrJrMLTV5 2®OXiiBd[S»4 (10 
o) (ioi) i7)*-|i+ 2lf^tv^„ tib^m 7 l 

tm%7 3wjsj>7i^o^-c, seiii-rn ( \ <i> | ) hei^ 

5 LSr«-*3*6 - i fc £ *.«fl--©KW b»W«T?*> 
oti Lrt, «s©iMi«BA-ifii©ttiOb-a:ica<5v^ 

m&izm-fz-MtiMmmi-x to i 1 1 spas-efcSo 

faifo L&jfxS:: tfrt&®&W£>. ^.x-/mo^.(j 
co??-^Ffij t" -) L ttwlx.tfcllT-14-l »T-I4^t\ 4- 

*b£H h (i oo) CEKnSixfctxiiBitMCfflttiaicioi 

- U OS+n I 2 OJf <G< 2 
[0 0 2 3 J C1C0 (1) itl'&l/VC, |n |=0, 1, 
2, • • • • T'fo5„ 

[0 0 2 4] . VM-fafe 0 COI^f tott, S/hCDf+ 

-tWefc&o |SJ«ir, £@.L (10 0) UiEfiSftfc 
-3tffil4 [0011 *'|a]Jo4^ [0 10] UfatDMykZ. 1 
8 0Jj!;co[H]itK##tt£^LT^.5 o fcg_k (10 0) l£ 

seffi] $ ^xfcigffiii, * 0 .hco&raaft i" 9 Lfrtkzmx- 
limits ■> x .-/NtBsroffiflit-rn!»5!eAWjic9p«<cA- 

[6]/^ib 2 0«WrtrfoS/J>-J* , 'J , rco (10 0) ^ffij^r 



■e*>6. :«±5<cliWEl±. s i ft^wilMftiMKtfcS 

[0 0 2 0] WME#sff;^^^*tw±^^-rsor\ & 
iSWtttkUHBtt (ioo) tfflro^-fixfco^-cfc, * 
iLCDB'OT'CO l 8 OfSMIIKfrKSiJ-f <5r i I4T- "Id'Cfc 
5 0 5 y^CWtt, £S± (10 0) ir.ftllRj 

Lfc^a:-^*ffi(r.fe^T, *x- vsWl5Ji|fi^[SHiH-f 
10 W!e=18 0jro^5Jif*)5. rrorirtt, £x 
-/MZ>1"ft£9=0S*5J:tfe = l 8 Oft Ltn-I 
no.. Ga, s P@h-GaPltK!)i^||t 

5:i«Lfc„ i*)"*-co^^^3?iM4- (ioo) *>Pj 

(10 1) <0#lC+2£ttttTiElfi]Lfcl&*» f*-^ 
«naiS]-ftl(4 | <I> I =0«fctt I <D I =4«t*o 

&ZBlL± 0 - 2()U<8<20f 1 feaiM4l6 0S 
20 -rsmiSfE^tBSL-C. i&vJ^comE^T«r#ofc^ltA 
[0 0 2 1 ] iSiHi^Wl-^ffi^ (ioo) *-ffii»^-fti 

Sdlfil^^^lC^illi/i^lni^^j 6gW ( | <P | ) K 
fc 19 , L A ' t x - / v * jTli CO 5p | fi , |Aj ( z I i <5 C> x - / n (J. 

H^t>it^|lJ)D$|c, g B 1?fticfl4J|Si/j>f,2 0SK 
rt ( ! 0 I ) tfcSH^tffw^t, gf*ffKS:Jt 

30 ^tfc^1-T'fc^?„ a±C0£.®^ftl4, !> = -^f6ffi 

coseifi) I' ttff L * < co#^ WJ ifr m < - 1 ^-C -J 5„ 

*H± (l 1 1) CElfilStlfc^ai-^H:, [ill] 

ilEATMjco ^ x-zNTtil^M L C'Slt A-h.«riE^ftSl4)!k 
CO (i) Scoi 9l'-46 0 

[0 0 2 2 ] 

[«C1] 

!f mi'oit (i) 

rixbro*-|fiiwia9ti 8 oainME-i-srifttPjtLS 
«b co if w J: 5 /f S PS K t x - / f 5 - t T- # 

So 

[0025] zh.Zxcn&fa-cmtti^mW'} 

(Dm%%, ±t LT^faL/cSfaWii^^ofc^x- -/N 

KSlli, MffilSSSSI^^^I-, * 
/c„ jg«£^5J$coSffiffiffi t"9 L/j\ fc5»H^^- 

^H+coaiiffl^-eiBj l:j®-7-e?ii^^-s^6(4\ r&o 
50 fc*Sf B ffli£-co^*, fct*tf^^yg;gss:ixiffifB«;a!»- 



L X , &*J# rfri Sr Hffi-r 5 telftft * — 
iiTtr 5 r it* It tfrfiB*J±-ft?*>5. KSBWfeS^M 

* <o » £ ( ' , r > * - ^ « E <r> ¥ tfii i i *j 1 1 5 *£ £ ^ W * 
feft f-lfrrt^EblT-J S^Jttff tlSli:<*b^#*>^t 

■ct 5 fc'ttigv ^H-eS?i] L -c ^ S o 
[ 0 0 2 6] d r x-mm LfctMfeli, 'PU <th -oco 

»^e>Jt«wafi:LTv^s. r. (73 -in, (i 

0 0) 71^ (110) O^d+O. 8««^fcp)g (p 

> 1 X 1 0" cm") In,., G«,., YMtcflfaK 
(100) i>b (110) crrjj\c+ o. 8*, #>3V*»i 
(loo) (ii o) 6 JMPUvfcpJB (p 

> 1 X 1 0' 8 cm J ) In.., G a. , PJfKg^f-f S 

(i[H]^l6]t 1 8 OS (6) -TbL-CteH-g-^-tirLfc. 
Ilffllfil±$=l. 6S, S2©i^tt$=6. 8)f 

(0=1. 6JS) >> = -^(4, ia2COfft»2 1 (Cfa/Hft 

(0 = 6. 8®) fell, @2rodtli»2 

[ 0 0 2 7] *%tifl©^7r<|r^o-C^/«Lfc^^ffi» 
f&tfifi, 1 fi"</i'i'f)igii"</WK-f>y (>3xi 
o ,; cm- 3 ) ifflv^cit-, ^i:KTJt6:t/j: 
T'*6 0 *!6WW»^«r^ e>T , in>.'ii:?ii:(i]f.'l-- i:" 
>- ^« * & ti*li 5 * 7c £ tt fit, # rfn MEffffl SrHHIft 

[ 0 0 2 8] ^-C»i*25ftfcKl6H±*fc, ttfrfliffili 
ifLTl^ l^vax fofC^Iftt a « I' j!£ 
o„ ^wN^i5<Dfidfa-f;ft&ft< LT (<l>=0(g) M 

JBtLfc^-HMFS! I n... (Al, Ca,., ). . 

<P - 6 J?Tf> LTMiS Lfc[ffl+I« LEDtt, fi&rKifC^ 

[oo29] *%m : f£m-r z> z. t vM&.&tiz>*- s 



(6) WBH¥7 - 2 210 2 3 

10 

^tM^ftl^ Aft*w£n&Kl n. ., (Al, Ga 
,.x ),. s PjfflL ED&SStfrf Sfcfe<7)#S U^frS 
-Cfc5;^*Lfc, :iU;LEDIiti, r 
-'WXii^M$iJr/c®)tn0G a A s SlS&igMtiic 

X. jl£^Wfc8WfcnJ&Ga P&Kfc, JfeOGaAsW 

V ^-l&JlttEE &f*fS L b , r > * m ^ 

T1ttiie&!iS&-fr5 0 8(1, •t?£/jS 
10 10. 5xio. 5 ;w;ti|f):^-^|[lSBS 
tKIn„ s (Al, Ga,., ),.. P W4L E DWDSE 
-SlItMSt. t^Troin,., (Al, G 
a,., ) o.s Pif^^^t^itt^tnGa PSI 

li (ioo) K (ioi) 2«ffl^fc*ifiiK 

|J]^otP5. PI 8 l^flg Sr^ Lt2fi©LED l±|iJ] 

1:^**^*5 i o'lwi i;m»« 1 1 xw& & nx v ^ 

t)\ ^.■ t -^ffiiS#*5-Br«ltl±S'!Co-r^S„ S] 8 izio 
Kl«8 l w*4l£- tttJl Wtt f*«#S! L E D A» ?> <D t 

20 ^tHb«?a»<E-«IEltllilftli2 OrnAIC*; 

^T^J2. 1 VtV^tV^ltf^LXl^. Mit^ 
l-^x-^^iS-g-^-D; (0) 9 0Stigofc**IC^ 
ix5t. (2 0mAC*3^-C3VH±) 

i'4D^i. mi±iUlil8 31' iot*Jjxt^5„ m 
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